Rats were fed either a thiamine-deficient diet or diets con taining pyrithiamine or oxythiamine. When symptoms of thiamine deficiency appeared, the animals were injected intraperitoneally with [2-14C] pyruvate six to twelve minutes prior to sacrifice. Free glutamic and aspartic acids were isolated from liver and brain and degraded. The results indicate that, in thiamine-deficient or oxythiamine-treated rats, pyruvate metabolism in liver and brain is similar to that in normal animals. In contrast, pyrithiamine drastically decreases the oxidative decarboxyla tion of pyruvate by rat liver.
Summary
Rats were fed either a thiamine-deficient diet or diets con taining pyrithiamine or oxythiamine. When symptoms of thiamine deficiency appeared, the animals were injected intraperitoneally with [2-14C] pyruvate six to twelve minutes prior to sacrifice. Free glutamic and aspartic acids were isolated from liver and brain and degraded. The results indicate that, in thiamine-deficient or oxythiamine-treated rats, pyruvate metabolism in liver and brain is similar to that in normal animals. In contrast, pyrithiamine drastically decreases the oxidative decarboxyla tion of pyruvate by rat liver.
Since the classical work of PETERS (1) using pigeons, thiamine deficiency has often been described as a well defined biochemical lesion. Lack of thiamine is supposed to diminish the organism's ability to decarboxylate pyruvate, and this impairment of pyruvate oxidation is thought by many to account for the physiolo gical changes, particularly polyneuritis, observed in thiamine deficiency.
However, the results of a large number of diverse experiments (2-16) have led to serious questioning of the concept that thiamine deficiency results in a gross change in the ability of animal organs to decarboxylate pyruvate. The parameters measured include rates of pyruvate oxidation in vivo (2, 12) and in vitro (3) (4) (5) (6) (7) (8) , concentrations of blood pyruvate (6, 8 ) and brain thiamine (13, 14) and 14C labeling patterns in glutamic acid after administration of pyruvate-14C (15, 16) . In many investigations, thiamine deficiency was induced by administration of the antime tabolites oxythiamine and pyrithiamine as well as by thiamine deprivation. Al though some treatments have resulted in decreased rates of pyruvate oxidation in vitro (3, 6) , these do not necessarily correlate with increases in blood pyruvate and lactate concentrations (6) , indicating that there is no clear evidence that the gross ability of any tissue to oxidize pyruvate is diminished, in vivo.
Some of the evidence suggests that the decrease in transketolase activity may be a more important parameter during thiamine deficiency than a decrease in pyruvate oxidase activity (9, 10, 12) .
The labeling patterns observed in glutamic acid of rat tissue after the admini stration of pyruvate-2-14C or its precursors (15) (16) (17) (18) (19) (20) (21) have been used to indicate an appreciable amount of pyruvate converted to acetate and to oxalacetate. As discussed previously (15) (16) (17) (18) , labeling in carbon 5 reflects acetate formation or decarboxylation pathway, whereas labeling in carbon atoms 2 and 3 reflects the carboxylation to form a dicarboxylic acid. If thiamine deficiency grossly alters pyruvate metabolism, one would expect to find less labeling in carbon 5 of glutamate in the deficient animal than in the normal animal when [2-14C] pyruvate or its precursors is used. However, when we performed such studies with rats and chicks (15, 16) , the labeling in carbon 5 of glutamate in either liver (15) or brain (16) was invariably equal to or higher than that observed in normal animals. Although the lack of knowledge of pool size variation makes interpretation somewhat diffi cult (15) , the finding that liver glutamate from thiamine-deficient rats had more than ten times as much [14C] in carbon 5 as did liver glutamate from fasted rats given [2-14C] pyruvate. This appears to be strong evidence against the idea that the thi amine-deficient animal has a greatly diminished ability to decarboxylate pyruvate.
Because our previous work was done primarily with thiamine-deprived animals and since thiamine deficiency created by treatment with oxythiamine or pyrithi amine is often different from that obtained by thiamine deprivation (22, 23) , we have repeated and extended some of our earlier studies using pyrithiamine-and oxythiamine-fed rats.
After intraperitoneal injection of [2-14C] pyruvate, the free glutamic and aspar tic acids were isolated from liver and brain, degraded, and assayed for radioactivity. The data indicate that none of the treatments used grossly affected the decarboxyla tion of pyruvate in rat brain and only the pyrithiamine treatment drastically inhi bited pyruvate oxidation in rat liver. 
RESULTS

AND DISCUSSION
Growth data are presented in Fig. 1 . For the first few days all animals gained weight. Those on pyrithiamine and oxythiamine then lost weight rapidly, two animals died on the twentieth day. Without exception, the rats on pyrithiamine developed extreme polyneuritic symptoms. Similar effects of thiamine inhibitors have been reported by others (22, 26) .
The [14C02] excretion data (Tables 1 and 2 ) do not suggest any gross change in the rate of [14C02] expiration. However, these are short term experiments and the data are subject to quite wide experimental variation. In general, they sup port the results of others who found little change in overall formation of [14C02] from labeled pyruvate (2, 12) .
The labeling patterns in liver free glutamic and aspartic acids are summarized in Tables 1 and 2 . It is clear that only treatment with pyrithiamine caused a low incorporation of radioactivity into carbon 5 of liver glutamate. The rather variable results with the controls sacrificed six minutes after administration of isotope are not readily explained. However, the decrease in labeling of carbon 5 was never as low as with the pyrithiamine-treated animals. In fact, the results with pyrithi amine-treated rats (Tables 1 and 2 ) are the only ones ever obtained in which the labeling in carbon 5 of liver glutamate, following administration of [2-14C] pyruvate, is as low as that consistently observed with the fasted rat (15, 23, 27) . This label ing pattern is reflected in, carboxyl carbons of aspartate also. Thus, one is faced with the rather paradoxical situation in pyrithiamine-augmented thiamine de fi ciency in which the change in blood pyruvate is rather minimal (6), the change in liver glutamate labeling pattern is dramatic. The picture is further complicated when one looks at the brain data (Table 3 ). Here we must use the sum of the labeling in carbons 4 and 5 to get a measure of the decarboxylation of pyruvate in brain because, as discussed previously (20) , much of the injected pyruvate is first converted to blood glucose by liver (27) . During this conversion, randomization of isotope occurs (20) , hence the increased labeling in carbon 4 of brain glutamate. None of the treatments used had any appreciable effect on the distribution of the label in brain glutamate between the sum of carbons 4 and 5 (pyruvate conversion to actyl-CoA) and of carbons 2 and 3 (carboxylation of pyruvate).
Comment should be made concerning the randomization in carbon 4 of brain glutamate (Table 3 ). It will be noted that except for the normal rats, randomiza tion is quite high, indicating considerable prior conversion of pyruvate-[2-14C] to blood glucose-1, 2, 5, 6-[14C] (20) . The results with the thiamine-deficient animals (rats 318, 319) show a much higher randomization than that reported by WARNOCK and BURKHALTER (28) . These authors interpreted the low randomization in brain glutamate in thiamine-deficient rats given [2-14C] pyruvate as being indicative of a decrease in the blood brain barrier for pyruvate during thiamine deficiency. The results reported here are not contradictory to those of WARNOCK and BURKHALTER (28) because in our experiments the labeled pyruvate was administered intraperi toneally whereas it was given intravenously in their studies. An intraperitoneal injection makes the isotopic compound more readily available to liver than does an intravenous injection. If the labeling pattern in the free glutamate of an organ, following administra tion of [2-14C] pyruvate or its precursors, is a valid measurement of the proportion of pyruvate which is being oxidatively decarboxylated and if the specific activities of the isolated glutamic acids do not vary greatly (they do not, Tables 1 to 3) , the data presented here suggest that none of the treatments grossly inhibited pyruvate decarboxylation in brain and only the pyrithiamine treatment affected its decar boxylation by liver. It is further suggested that, either the biochemical lesion in various forms of thiamine deficiency is not in the pyruvate oxidase system, or that this lesion is in a limited portion of the pyruvate oxidase system of an organ or organs. Thus, we are left with the situation that to date except for rat liver after pyrithiamine treatment (herein reported), there is no convincing evidence that any type of thiamine deficiency causes a gross change in the oxidation of pyruvate by the whole animal or its tissues in vivo despite thiamine deficiency produces a com plicated series of biochemical derangements (29) .
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